The clinical effect of routine intracoronary thrombus aspiration before primary percutaneous coronary intervention (PCI) in patients with ST-segment elevation myocardial infarction (STEMI) is uncertain. We aimed to evaluate whether thrombus aspiration reduces mortality.
O ne of the most important therapeutic challenges in the management of ST-segment elevation myocardial infarction (STEMI) is the establishment of normal coronary blood flow after percutaneous coronary intervention (PCI). Reduced flow is closely associated with reperfusion injury, 1 which can lead to arrhythmias, contractile dysfunction, microvascular impairment, and irreversible myocardial damage. 2 Reduced myocardial perfusion is also associated with heart failure and death. 3, 4 Coronary-artery thrombus aspiration, a simple, rapidly performed, and relatively inexpensive adjunct to PCI, may improve blood flow and resolution of ST-segment elevation, [5] [6] [7] [8] [9] although this is not a universal finding. [10] [11] [12] Previous studies of thrombus aspiration have not generally been powered for hard clinical end points. The Thrombus Aspiration during Percutaneous Coronary Intervention in Acute Myocardial Infarction Study (TAPAS), a single-center trial involving 1071 patients, in which mortality was a secondary end point, suggested a survival benefit with thrombus aspiration among patients with STEMI. 6, 13 However, coronary thrombus aspiration may come at a price; a recent meta-analysis pointed to an increased risk of stroke. 14 We conducted a randomized clinical trial to evaluate the effect of thrombus aspiration on hard clinical end points in patients with STEMI. To make this investigator-initiated undertaking economically and administratively feasible, we used national registries as online platforms for randomization, case-record forms, and follow-up data, thus conducting a registry-based randomized clinical trial. 15 
Me thods

Study Design
The Thrombus Aspiration in ST-Elevation Myocardial Infarction in Scandinavia (TASTE) trial was a multicenter, prospective, open-label, randomized, controlled clinical trial that used the infrastructure of a population-based registry to facilitate patient enrollment and data collection. The trial design, which has been reported previously, 15 was approved by the regional ethics review board in Uppsala, Sweden. Trial administration, data management, and statistical analyses were performed at the Uppsala Clinical Research Center at Uppsala University Hospital. The study was designed and conducted by the authors, who wrote all drafts of the manuscript and made the decision to submit the manuscript for publication (see the Supplementary Appendix, available with the full text of this article at NEJM.org, for details). All the authors vouch for the integrity and completeness of the data and analyses and for the fidelity of this report to the trial protocol, which is available at NEJM.org. None of the sponsors had access to the study data or had any role in the design or implementation of the study or the reporting of the data.
Patient Population
We enrolled trial participants from the national comprehensive Swedish Coronary Angiography and Angioplasty Registry (SCAAR), which is part of the Internet-based Swedish Web System for Enhancement and Development of Evidence-based Care in Heart Disease Evaluated According to Recommended Therapies (SWEDEHEART) registry 16 (see the Supplementary Appendix for details). This registry holds data on consecutive patients from all 29 Swedish and 1 Icelandic coronary intervention centers, is funded solely by national health authorities, and provides immediate and continuous feedback on processes and qualityof-care measures. All baseline and procedural data are entered online, directly into the registry. For this study, an additional participating center in Denmark entered all relevant data into SCAAR. The data were monitored and adjudicated as part of the regular registry validation; we did not perform separate, dedicated monitoring and adjudication of the data for the TASTE trial.
We considered for inclusion in the trial patients with STEMI for whom PCI was planned after coronary angiography. Patients were eligible for the study if they had chest pain suggestive of myocardial ischemia for at least 30 minutes before hospital admission, if the time from the onset of symptoms to hospital admission was less than 24 hours, and if an electrocardiogram (ECG) showed new ST-segment elevation or left bundle-branch block (see the Supplementary Appendix for details). Exclusion criteria were the need for emergency coronary-artery bypass grafting, an inability to provide informed consent, an age younger than 18 years, and previous randomization in the TASTE trial.
After providing initial oral consent, patients who fulfilled all inclusion criteria and had no exclusion criteria were randomly assigned, in a 1:1 ratio, to thrombus aspiration followed by PCI or to PCI only. Randomization was performed by means of an online randomization module within the SCAAR database. All patients were asked to confirm their agreement to participate by providing written informed consent within 24 hours.
Invasive Procedures
All the patients underwent coronary angiography and PCI; the use of platelet inhibitors or anticoagulants was left to the discretion of the treating physician. For patients randomly assigned to thrombus aspiration, guidewire placement was followed by thrombus aspiration with the use of a manual aspiration catheter before the PCI procedure (see the Supplementary Appendix for details). For both study groups, intracoronary administration of nitrates after the restoration of antegrade flow was recommended. Stenting was encouraged, with the type of stent left to the discretion of the physician and with optional postdilation (dilation of the stent after implantation). The administration of P2Y 12 inhibitors was left to the discretion of the physician; however, lifelong treatment with acetylsalicylic acid was recommended. Crossover from one group to the other was discouraged, but if it did occur, it was recorded in the registry and the patient continued to be followed up.
Trial End Points
The primary end point was all-cause mortality at 30 days, with data on mortality obtained from the national population registry. The secondary end points, for which data were obtained from the SWEDEHEART registry and the national discharge registry, included 30-day rates of hospitalization for recurrent myocardial infarction, stent thrombosis, target-vessel revascularization, target-lesion revascularization, and the composite of all-cause mortality or recurrent myocardial infarction. Additional secondary end points, for which data were also obtained from the registries and assessed during the index hospitalization, included complications of PCI, stroke or neurologic complications, heart failure, and length of stay in the hospital. Definitions of the end points are provided in the Supplementary Appendix. No study-specific clinical follow-up assessment was performed.
Statistical Analysis
On the basis of actual data on mortality from all patients with STEMI who underwent PCI in Swe-den between 2008 and 2009, we assumed that the 1-month mortality with PCI alone would be 6.3%. We calculated that 456 events would need to occur for the study to have 80% power to detect a hazard ratio for death of at least 1.30 with PCI alone as compared with PCI plus thrombus aspiration, at a two-sided significance level of 5%. To meet this goal, we planned to include 4886 patients (with a total planned enrollment of 5000 to account for crossover and device failure, assuming no loss to follow-up). 15 When enrollment approached 5000 patients, the 30-day mortality (estimated without knowledge of treatment assignments) was observed to be lower than expected (2.9%) in the study cohort. Therefore, the steering committee amended the protocol to increase the sample size and adopt a group-sequential design. Taking into consideration the hazard ratio of 1.95 for death from cardiac causes at 30 days in the TAPAS study, 6, 13 and assuming 30-day mortality of 3.5% with conventional PCI, an odds ratio for death with PCI alone as compared with PCI with thrombus aspiration of at least 1.5, and one interim analysis performed when 67% of the total sample had been enrolled in which the stopping boundary for significance was set at a P value of less than 0.01 and for futility (nonbinding) at a P value of more than 0.493, it was calculated that with 7138 patients, the study would have 80% power to obtain a significant result at the 5% level with the use of two-sided tests. The data monitoring committee conducted the interim analysis in August 2012 on data from 4802 patients and recommended that the study continue.
The results were analyzed according to the intention-to-treat principle. In a post hoc per-protocol analysis, we also compared the patients in the thrombus-aspiration group who underwent thrombus aspiration with the patients in the PCIonly group who did not. The time to death within 30 days after PCI according to study group is presented in a Kaplan-Meier plot. Hazard ratios for the primary end point and for all end points assessed through 30 days were calculated with the use of a Cox proportional-hazards model with treatment as the only factor and are shown with the nominal 95% confidence interval from the Cox model and the nominal two-sided P value from a log-rank test. Odds ratios for end points assessed during the index hospitalization were estimated from a logistic-regression model, with P values calculated with the use of Pearson's chi- square test. Subgroup analyses were performed by including an interaction term in the proportional-hazards model. All analyses were performed with the use of SAS software, version 9.3 (SAS Institute). According to the interim analysis plan, a two-tailed P value of less than 0.0471 was considered to indicate statistical significance with respect to the primary variable.
R esult s
Study Population
All 29 PCI centers in Sweden as well as 1 in Iceland and 1 in Denmark participated in the trial. During the study period, 11,709 patients with STEMI in Sweden and Iceland underwent PCI and were registered in SCAAR. Of these, 7012 were enrolled in the trial. An additional 247 patients were enrolled from the center in Denmark, for a total of 7259 patients ( Fig. 1 ). Fifteen erroneous enrollments (patients initially reported as having STEMI, for whom the diagnosis was changed by the operator and no PCI was performed) were excluded from the database, leaving 7244 patients who underwent randomization. The baseline clinical characteristics of all the patients who underwent randomization (including patients at all the centers) and all the patients who did not undergo randomization (including patients at all the centers except the center in Denmark) are listed in Table 1 . Procedural characteristics are listed in Tables S1 and S2 in the Supplementary Appendix. A total of 60% of the patients presenting with STEMI and referred for PCI in Sweden and Iceland underwent randomization in the TASTE trial during the study period.
None of the patients who underwent randomization were lost to follow-up with respect to the primary end point. However, six patients withdrew consent and were included in the analysis only until the date of withdrawal. Among patients who did not undergo randomization, we obtained complete follow-up data on all the patients in Sweden and follow-up data for all variables except mortality on patients in Iceland, but we did not obtain follow-up data on patients in Denmark who did not undergo randomization.
Procedural Data
After undergoing randomization, 93.9% of the patients in the thrombus-aspiration group underwent thrombus aspiration; in addition, 4.9% of the patients in the PCI-only group underwent throm-bus aspiration ( Table S2 in the Supplementary Appendix). Patients were treated according to international guidelines, with high proportions of patients receiving platelet inhibitors and antithrombotic agents before and during the procedure and with a high proportion of PCIs performed through a radial access and including implantation of drug-eluting stents.
Clinical Outcomes
By 30 days, 2.8% of the patients randomly assigned to thrombus aspiration (103 of 3621 patients) and 3.0% of the patients randomly assigned to PCI only (110 of 3623 patients) had died (hazard ratio with thrombus aspiration, 0.94; 95% confidence interval [CI], 0.72 to 1.22; P = 0.63) ( Fig. 2A and Table 2 ). The 30-day mortality in the per-protocol analysis was 2.6% (88 of 3399 patients) with thrombus aspiration and 2.9% (101 of 3445 patients) with PCI only (hazard ratio, 0.88; 95% CI, 0.66 to 1.17; P = 0.38).
The rate of rehospitalization due to reinfarction was 0.5% in the thrombus-aspiration group (19 patients) and 0.9% in the PCI-only group (31 patients) (hazard ratio, 0.61; 95% CI, 0.34 to 1.07; P = 0.09) (Fig. 2B) . The rates in the per-protocol analysis were 0.5% (18 of 3399 patients) and 0.8% (27 of 3445 patients) in the two groups, respectively (hazard ratio, 0.67; 95% CI, 0.36 to 1.2; P = 0.19). The rates of stent thrombosis, targetlesion revascularization, and target-vessel revascularization did not differ significantly between the groups. There was no significant betweengroup difference in the rate of stroke or neurologic complications, perforation or tamponade, or heart failure or left ventricular dysfunction at the time of discharge, nor was there a significant difference in the length of stay in the hospital.
The primary outcome of all-cause mortality at 30 days was consistent across all prespecified subgroups, including patients with a high risk of thrombosis, such as those with Thrombolysis in Myocardial Infarction (TIMI) flow grade 0 or 1, those with thrombus grade 4 or 5 (on a scale of 0 to 5, with higher grades indicating a larger thrombus), and smokers ( Fig. 3 ).
Cohort That Did Not Undergo Randomization
The reasons indicated by the operators for not enrolling patients were as follows: inability of the patient to provide oral informed consent (38% of patients who did not undergo randomization), thrombus aspiration not possible (16%), thrombus aspiration considered to be inappropriate (11%), thrombus aspiration considered to be indicated (7%), and other (28%). Of the Swedish patients who did not undergo randomization, 10.9% of the patients who subsequently underwent thrombus aspiration (124 of 1138 patients) and 10.5% of the patients who were treated with PCI only (362 of 3442 patients) had died by 30 days ( Table 2 ).
Discussion
In this investigator-initiated, registry-based randomized trial involving patients with STEMI, manual thrombus aspiration before PCI had no significant effect on the primary end point of allcause mortality at 30 days. The neutral outcome was consistent in all patient subgroups, regard-less of baseline clinical or angiographic characteristics. Furthermore, there was no significant effect of thrombus aspiration on any of the prespecified secondary end points. Meta-analyses of randomized trials of thrombus aspiration have shown inconsistent results with respect to mortality. Some have shown a mortality benefit, 17, 18 whereas others have shown no significant effect. 14, 19, 20 We recently reported data on all patients in Sweden undergoing PCI for STEMI between 2005 and 2010. After adjustment for a number of clinical and procedural factors, we found that mortality was higher among patients who had undergone thrombus aspiration before PCI than among patients who had been treated with PCI only. 21 The inconsistencies among these previous analyses may stem from 11, 709 Patients with ST-segment elevation myocardial infarction (STEMI) who were undergoing percutaneous coronary intervention (PCI) were considered for inclusion in the study. Shown are the numbers of patients who were enrolled in the study, randomly assigned to a study group, and followed up during the study period, as well as the number of patients who were not enrolled in the study (most of whom did not meet the inclusion criteria) but who were followed up during the study period. TASTE denotes Thrombus Aspiration in ST-Elevation Myocardial Infarction in Scandinavia. several factors, including differences in follow-up time (longer follow-up periods may increase the likelihood of detecting a benefit with respect to mortality 13 ), the duration of symptoms (a short duration may be associated with a beneficial effect of thrombus aspiration 12, 22 ), the number of participating centers (a single-center study design is associated with a better clinical outcome than a multicenter design 23 ), and the finding that me-chanical thrombectomy devices may be inferior to manual aspiration catheters. 20, 24 Coronary thrombus material triggers thrombotic, inflammatory, vasoconstrictor, and other pathways, and evacuating a portion of the thrombus and plaque material addresses only a part of the pathophysiological problem. Disrupting thrombus formation pharmacologically may be more effective. This conclusion was suggested by 25 In INFUSE-AMI, an intracoronary bolus of the glycoprotein IIb/IIIa inhibitor abciximab was effective in reducing the infarct size, whereas thrombectomy by means of manual aspiration was not. Thrombus aspiration may not be a risk-free procedure. Systemic embolization can occur, 26 and in a recent meta-analysis, thrombus aspiration was associated with a trend toward an increased rate of stroke (P = 0.06). 14 However, in the TASTE trial, there was no significant difference between the groups in the rates of stroke and neurologic complications.
In the TAPAS trial, thrombus aspiration, as compared with PCI only, improved myocardial reperfusion in the short term. 6 At 1 year, the secondary end point of mortality was lower in the thrombus-aspiration group than in the PCIonly group. 13 In the TASTE trial, we used a much more conservative estimate of the risk ratio for death than that in the TAPAS trial in order not to miss a mortality reduction with thrombus aspiration, although this design required the enrollment of a much larger number of patients. 15 However, since the current analysis includes only the 30-day results of the TASTE trial, it is possible that a difference in clinical events will become apparent only with longer follow-up, especially since a mortality benefit was detected in the TAPAS trial only after 1 year of follow-up. 6, 13 Moreover, the reinfarction rate in the TASTE trial was 40% lower with thrombus aspiration, and this magnitude of effect was significant at 1 year in the TAPAS trial.
In the TASTE trial, we introduced a randomization module in an online, comprehensive, national clinical registry, thus combining the benefits of randomized treatment assignment with the best features of a large-scale clinical registry. Advantages of this approach include broad inclusion criteria to ensure wide clinical applicability, a simplified enrollment process to maximize the commitment and compliance of the participating hospitals, a substantial reduction in the expense associated with conducting a randomized trial since we were able to use the established registry infrastructure, and high rates of follow-up both of patients who underwent randomization and of those who did not.
A number of limitations of the TASTE trial should be noted. First, the treating physician was aware of the group to which the patient had been assigned, and that physician entered the angiographic variables into the registry; therefore, these variables were susceptible to bias. Second, we did not adjudicate events and did not review angio- grams in a blinded fashion. We used all-cause death as the primary end point because it is the most stringent end point and because of the completeness of the national death registries in each participating country. We chose not to perform separate adjudication of secondary end points both to limit expense and because of the high reliability of the SWEDEHEART registry. Third, we did not record findings with respect to myocardial salvage, microvascular obstruction, or biochemi- cal variables in the registry. Finally, deviations from the randomly assigned treatment occurred, although infrequently, and information about the reasons was not available.
A comparison of the clinical characteristics and outcomes between the patients who underwent randomization and those who did not indicates that the two cohorts differed significantly Hazard ratios are shown for the primary end point of mortality within 30 days after PCI. All the subgroups were prespecified except those defined by status with respect to bivalirudin therapy and glycoprotein IIb/IIIa blocker therapy, which were analyzed post hoc. ECG denotes electrocardiography, and TIMI Thrombolysis in Myocardial Infarction.
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in a number of respects, most notably in mortality at 30 days (2.9% among patients who underwent randomization vs. 10.6% among those who did not). In many cases, these differences reflect the exclusion from the trial of patients who were ineligible because they were unable to provide oral consent. Even when a trial uses a population-based registry for enrollment, the trial participants cannot be fully representative of the complete range of patients.
In conclusion, in a registry-based, randomized, controlled trial comparing aspiration thrombectomy before PCI with PCI alone in patients presenting with STEMI, we found no significant benefit of aspiration thrombectomy with respect to mortality or any of several other clinical outcomes at 30 days.
